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Hetero - epitaxial Growth Mechanisms of AIN Single Crystals in
Sublimation Growth
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An aluminum nitride (AIN) single crystal is a promising material as a substrate for AIN based semiconductors
such as high performance electronic devices and DUV emitting devices. We have developed growth technology of
AIN single crystals by sublimation - recombination method which uses silicon carbide (SiC) as a seed crystal. We
have observed surface morphology at the initial stage of the crystal growth. As a result, a new model of the AIN
crystal growth is proposed for the formation process of hexagonal pyramids on SiC and the nucleation of AIN. The
facets of the AIN islands and the hexagonal pyramids are differed 30 degrees in appearance, but crystallographic
analysis has clarified that the AIN islands and the hexagonal pyramids have the same orientation.
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49



2013 Vol. 2 7 Y 7 7 O #1257

~ pyramids on a 4H-SiC substrate -~ pyramids on a 6H-SiC substrate
E%m
Ez(PA) E.(PA) Es(PO)
TO
Ll e en (TO) I
LORC A (AA)

E (PA) A
E-(PA)

—~

Intensity/a.u.

W Intensity/a.u.

e

! ! ! ! ! ! ! ! !
500 1000 500 1000
Raman shift /cm™! Raman shift /cm™'

(a) (b)

X4 (a) 4H-SiICHEHAME (b) 6H-SICEMICTEE SN2 T I v FOBEM T ~ > §oil il & 4k
Fig. 4. Raman scattering measurements of the pyramids grown on (a) : 4H-SiC substrate and (b) : 6H-SiC substrate.
PA : Planar acoustic mode, AA : Axial acoustic mode, PO : Planar optic mode,
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Fig. 6. Line defects observed at pyramids.
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Fig. 7. Lateral growth process of AIN.
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Fig. 8. SEM images of AIN crystals grown on SiC
pyramids. In spite of the smaller lattice mismatch

between AIN and SiC, the hexagon of AIN is shifted by
30 degree from the hexagon of SiC pyramid.
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pyramids. The Steps are rotated 30 degree with respect

to SiC pyramids.

— 4H-SiC (10-14)
- —— 4H-SiC (11-24)
—4H-8iC(10-12)
——AIN(11-22)
= — AIN(10-12)

Intensity/a.u.

0 90 180 270 360
Phi / deg.

10 4H-SiIC & AIN®D ¢ A F x Y ll%E
Fig. 10. Phi scan measurements using (1 0 -1 2) and
(11 -22) reflection of AIN and (10 -12), (11 -24) and
(10 -14) reflection of SiC.



2013 Vol. 2 7 v
Pole figure: 102 Raw
2Theta: 38.2355
Intensities:
Psi Phi Intensity
Min | 0.0| 126 0.000
Max [60.0] 75| 487.000
Dimension: 2D
Projection: Schmidt
Scale: Linear
Color map: X'Pert
T Contours: 10
Intensity Color
1 44.273
3 132818
5 221.364
7 309.909
10 442727
Grid settings: ESIEL
First | O] O
Last |90[360
Step [30] 90
(@
Pole figure: 102 Raw
2Theta: 38.2355
Intensities:
Psi Phi Intensity
Min | 0.0] 75 0.000
a Max [45.0|127.5|2717.000

Dimension: 2D

Projection: Schmidt

Scale: Linear

Color map: X'Pert
o T 10

Contours:

G

/ Intensity Color
1 247.000
3 741.000
@ 5 | 1235000
7 1729.000
10| 2470.000
Grid settings: Bsil Phi
First | O] O
Last |90|360
Step [30] 90
(b)
11 (a) SiC& (b) AIN® {10 -1 2} #ErX
(10-12) M2 H vy, BRI Ty 1A) & 608 22 1 2 45 51 &

LTwW3.
Fig. 11. {1 0 -1 2} Pole figures of (a) SiC and (b) AIN
were drawn by using each (1 0 -1 2) diffraction. The
projection plane is perpendicular to the growth direction.

THHIEDHEIDONS. T2, SiC& AINO WD
EBSDMIE 1707z, ZOKREZK 12 1IRF. RED
SiC & AINDTHHNFIE—F L T,

P&y, SiC& AINDOHNE M HEHi>TwbZ L
Nhhorz. 72720, ANOEETHNSE 7 7y M
13110-1n} ThDH, SICHOZYFrFTHNLET 7Y
FEIE{11-2 m} THAHZ DD, AT LEERINS
NAED 30 ETNTWAEIERHLNE R o7,
3.3 EZIv FNOXEBEHE

M 13 I2¥5 3y FOFE-SEMEi{§%/Rd. ¥53IvF
DFRIFNZ 120 FEDMEE % F o 72 L J OB/ IS A5 72
T, Y739 F2BKELTVS{11-2 m| 12110-10}
EVITHRAT Y TTHRENTWAZ EPBE I ©
I, ESIvFORPTFEDT77EYy F{11-2 m! I3,
AINEBRERDO7 742> b {10-1 n} &S B E 30
HANEGE LTV A, Wil 7 7 & v b Tld AIN BIRES &
EHioTWBbZ Edbhot. /2, TORATYT-T5
AREEIIE I Iy FEZER LTV RO Y ({11-2 m}
<11-2n>) TIEWHICER, K&, BichoTwa
AINEBRHEREET Iy FCERSINLAMED 30 FT

52

#125%

Aluminum Nitride (H)
1010

0001

Silicon Carbide 6H

1010

0001 2110

12 SiC & AIN @ W1 EBSD il &
Fig. 12. EBSD image of cross section of interface
between SiC and AIN.

K13 Y53 v FOFESEM HEif%
Fig. 13. FE-SEM images of a pyramid of SiC. The minute
protrusions with the angle of 120 degrees can be
observed on the surface of SiC pyramid.

NBFEFITHAEARHLZD, RHTANVF—DEGEN
AINESICTRESTWD I ENEBLTWLIREMEA D
A, SICTRMEL DD ali O FARE T AL F—135E<
REETHDLECIMERHY, Ty F 7 THLLE
F3IvFH{11-2 m| THEKShTWEZEE—FKT 5.

4. 3 U

SICEAM % FiAs & U TR L 72 AIN B 5 o 738 1
BEICBWT, €53y FoBRIrEAE, SiCE AN
OBRMEBRE ARV 5700, EREEEZTV, B8k
M HMHEZ T 72 BONTBREEDTICELD S,



ST VIZY AR ORAE B RICBIIAANTRIEY v VR R

DE¥Z Iy M, AINOFFEHF ALY, SICEMH
11-2 m| 2BESERPFOTyF V7 ENLT L
TEEENSE. T/, ¥53Iy FICREBEBHREXKWEA
HFHELTWAEZEDRL, ¥5 3y FOTEMIIELE
A FELTHER TV

@/ AINEBIRFEESOAAEEE S I v FOAAE
1%, 30 EREELTWS. LaL, #hEho7 7t
v MEZX{10-1n} £ {11-2 m| THY, HEHM
BFENRTBELT, MBI A277ty VRS RR S
FTH5A.

¥I3IvyF P77ty bETHAH{11-2 m} 13,
{10-10} EFATR AT v Th 5 7% 5B OBHMZE
THEREINTEBY, #MMA7 7y FTIZAINBIR
M {10-1 nl ERioTw5.

R BAHIENZ 3R 5 R (Epitaxial lateral overgrowth,
ELO) B2 LIELIZAVLRTWAEY. ¥53Ivy POk
XEIRHE, oA HlHTsZETENE, ELOELE
FEEORI R EZIFFTE, AINOKGEGIMT L2 LN TE
LEEZOND, KRTRES Iy FOHHRIEEK SO
L ARREL. ZOAMREZITLIE, €73y FoRil#E )
FEMETAIET, BMENBOBRNETE 5.

Z2 £ X ®

1) T.P.Cho, Mater. Sci. Forum, vol.338/342, p.1155, 2000

2) J.C. Rojo, L. J. Schowalter, K. Morgan, D. I. Florescu, F. H.
Pollak, B. Raghothamachar, M. Dudley, Mater. Sci. Res.
Soc. Symp. Proc., vol.680E, E2.1.1, 2001

3) P.B.Perry, RF. Ruz, Appl. Phys. Lett., vol.33, p.319 1978

4) T. Nanjo, M. Takeuchi, M. Suita, T. Oishi, Y. Abe, Y.
Tokuda, and Y. Aoyagi: “Remarkable breakdown voltage
enhancement in AlGaN channel high electron mobility
transistors”, Appl. Phys. Lett. 92, 263502, 2008

5) Y. Taniyasu, M. Kasu and T. Makimoto: “An aluminium
nitride light-emitting diode withawavelength of 210
nanometres”, Nature, vol.441 pp.325-328, 2006

6) SPIEA : TAIGaNRIEMANLED O & 2 | LAY
B, OE80%, 45, pp319-324, 2011

7) Hideki Hirayama, Sachie Fujikawa, Norimichi Noguchi, Jun
Norimatsu, Takayoshi Takano, Kenji Tsubaki, and Norihiko
Kamata: “222-282 nm AlGaN and InAlGaN-based deep-UV
LEDs fabricated on high-quality AIN on sapphire”, Phys.
Status SolidiA206, No. 6, pp.1176-1182, 2009

8) R. Dalmau, S. Craft, B. Moody, R. Schlesser, S. Mita, J. Xie,
R. Collazo, A. Rice, J. Tweedie, and Z. Sitar: “Challenges
in AIN Crystal Growth and Prospects of the AlN-based
Technology” , CS MANTECH Conference, May 16th-
19th, 2001, Palm Springs, California, USA

9) G. A. Slsck and T.F. McNelly: “AIN single crystals”, J.
Crysta. Growth, 34, 263, 1976

53

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

Yusuke Katagiri, Shinya Kishino, Kazuki Okuura, Hideto
Miyake,
growth of crack-free thick AIN onatrench-patterned AIN
template,” Journal of Crystal Growth, 311, pp.2831-2833,
2009

Jie-Jun Wu, Yusuke Katagiri, Kazuki Okuura, Da-Bing Li,

Kazumasa Hiramatu: “Low-pressure HVPE

Hideto Miyake, Kazumasa Hiramatsu: “Effects of initial
stages on the crystal quality of nonpolar a-plane AIN on
r-plane sapphire by low-pressure HVPE,” Journal of
Crystal Growth, 311, pp.3801-3805, 2009

Takuya Nomura, Hideto Miyake,

Kazumasa Hiramatsu, Osamu Eryu, Yoichi Yamada: “AIN

Kenta Okumura,

homoepitaxial growth on sublimation-AIN substrate by
low-pressure HVPE,” Journal of Crystal Growth, 350,
pp.69-71, 2012

Hiroyuki Kamata, Kunihiro Naoe, Kazuo Sanada and
Noboru Ichinose: “Single-crystal growth of aluminum
nitride on 6H-SIiC seed crystals by an open-system
sublimation method”, Journal of Crystal Growth Vol. 311
(5), pp.1291-1295.

Y. Shi, B. Liu, J. H. Edgar, H. M. Meyer III, E. A. Payzant,
L. R. Walker, N. D. Evans, J. G. Swadener, J. Chaudhuri
and Joy Chaudhuri: “Initial Nucleation Study and New
Technique for Sublimation Growth of AIN on SiC Seed
crystal,” Phys. Stat. Sol, (a) 188, No. 2, pp.757 -762, 2001
G.. R. Yazdi, M. Beckers, F. Giuliani, M. Syvajarvi, L.
Hultman, and R. Yakimova: ‘Freestanding AIN single
crystals enabled by self-organization of 2H-SiC pyramids
on 4H-SiC substrates,” Appl. Phys. Lett. 94, 082109, 2009
G. R. Yazdi, M. Syvajarvi, R. Yakimova: “Formation of
needle-like and columnar structures of AIN,” Jornal of
Crystal Growth, 300, pp.130-135, 2007

R. R. Sumathi, R. U. Barz, P. Gille, and T. Straubinger:
“Influence of interface formation on the structural
quality of AIN single crystals grown by sublimation
method,” phys. status solidi C, 1-3, 2011

C. Hartmann, M. Albrecht, J. Wollweber, J. Schuppang,
U. Juda, C. Guguschev: “SiC seed polarity-dependent
bulk AIN growth under the influence of residual oxgen,”
Journal of Crystal Growth, 2012

K. Togase, K. Terao, S. R. Nishitani, T. Kaneko and
N.Ohtani: “First-principle calculation on Surface Energy
of SiC” Kwansei Gakuin University, CALPHAD XXXVIII
(Prague, Czech Republic), 09/May/18

Hideki Hirayama, Sachie Fujikawa, Jun Norimatsu,
Takayoshi Takano, Kenji Tsubaki, and Norihiko Kamata:
“Fabrication ofalow threading dislocation density ELO-
AIN template for applidation to deep-UV LEDs” , Phys.
Status Solidi C6, No. 52, S359-S359, 2009



